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Introduction
The composition of semi-arid rangelands is apparently
changing in response to ranching with livestock (Hoffman and
Cowling 1990, Bond et al. 1994, Tainton 1999b). These
changes include a decrease in the density of palatable plants
and an increase in the relative abundance of unpalatable
plants, dwarf karroid shrubs and ephemerals (Westoby et al.
1989, Milton and Hoffman 1994, Palmer et al. 1999). The
consequence of such changes is a reduction in the carrying
capacity of natural rangelands for livestock, which is equivalent
to a loss in game and agricultural production. The need to
understand and reverse these grazing-induced changes is
now widely recognised (Milton and Hoffman 1994).
Grazing is often considered a prominent factor in shaping
the structure and composition of the vegetation. The effect
of grazing is an inherent consequence of the large diversity
and gross biomass of African herbivores, influencing various
vegetation communities. While grazing, certain herbivores
select their forage. This selectivity for particular grass species
could influence the plant succession of grassland areas (Ben-
Shahar 1991). Succession, however, does not explain why
many grazing-induced changes cannot be reversed by resting
the veld. A state-and-transition model is proposed by Westoby
et al. (1989) and Milton and Hoffman (1994) that allows for
multi-directional changes in plant community composition, 
rather than being restricted to uni-directional change, as
suggested by succession (Tainton and Hardy 1999).
Sweetveld (veld where most of the grasses are palatable
throughout the year — Van Oudtshoorn 1999) is not
adapted to continual grazing, but rather to short periods
of grazing by migrating animals. Sweetveld mostly occurs
in more arid areas, which are often prone to droughts.
During times of drought, when the veld is already in a
condition of stress, the most damage is caused by over-
grazing (Tainton 1999b). Symptoms of this damage are
observed in the form of bush encroachment and soil ero-
sion (Van Oudtshoorn 1999, Tainton 1999b).
It is generally accepted that conservation areas are managed
to attain specific goals and that monitoring is necessary to
determine the extent to which these goals are realised
(Macdonald and Brooks 1982, Novellie and Strydom 1987).
In this context, the impact of herbivores on the vegetation is
of general concern, particularly in small reserves (Macdonald
and Brooks 1982) like Soetdoring Nature Reserve.
As the Grassland Biome is currently being threatened,
mostly by human activities, it becomes necessary to under-
stand and study the vegetation ecology thereof as well as
the plant communities that comprise the grassland. The aim
of this study is to present a general overview of the
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The grassland represents a mosaic pattern of areas
dominated by either increaser grasses and decreaser
grasses or dwarf karroid shrubs. The Braun-Blanquet
method was used to classify the vegetation. The
synoptic table of the grassland vegetation shows a clear
distinction between the grass-dominated patches and
karroid grassland. The grassland vegetation was
grouped into three states in the state-and-transition
model, according to the dominant species, namely State
I, where a co-dominance of perennial grasses and dwarf
karroid shrubs occur; State II, which is characterised
by perennial grasses in a matrix of shrubs; and State
III, where dwarf karroid shrubs dominate, with perennial
grasses being more rare. Signs of deterioration of the
grassland are visible in the high percentage of dwarf
karroid shrubs and increaser grasses, usually
associated with disturbed, overgrazed areas, as well as
the presence of bare areas where the topsoil has been
eroded away. Short-grass grazers prefer pioneer state
territories and these territories thus show the most
deterioration. These animals, however, also have a
positive impact on the grassland habitat. The climate
may have an effect on the state of the grassland, but
cannot alone be responsible for the mosaic pattern.
The mosiac pattern can rather be attributed to over-
grazing in certain localised areas of the reserve where
grazers (including the short-grass grazers) concentrate.
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grassland vegetation (excluding the hills, riparian areas and
wetlands) of Soetdoring Nature Reserve, as well as to briefly
discuss the impact of grazers on the species composition
and structure of the vegetation type. This study could
eventually serve as a basis for the compilation of a manage-
ment programme for Soetdoring Nature Reserve.
Study area
Soetdoring Nature Reserve, Free State Province, is situated
about 34km north-west of Bloemfontein, between latitudes
28°48’S and 28°53’S and longitudes 25°56’E and 26°07’E.
The Bloemfontein-Dealesville road in the west and the
Bloemfontein-Bultfontein road in the east bound the reserve.
The average altitude of the reserve is 1 450m and it covers
a total surface area of 6 173ha. The reserve is situated
around the Krugersdrift Dam (Janecke et al. 2003), which,
along with the Modder River, takes up about 2 056ha of
the reserve (Watson 1993). The grassland and riparian
vegetation comprise the two largest vegetation units in the
nature reserve. All species names conform to Germishuizen
and Meyer (2003)
Soetdoring Nature Reserve is situated in the Grassland
Biome, in the sweetveld region, but also in the ecotone to
the Nama-Karoo Biome (Rutherford and Westfall 1994).
Bredenkamp and Van Rooyen (1996) described the western
section of the Grassland Biome, in which this nature reserve
falls, as Dry Sandy Highveld Grassland (vegetation type 37),
whereas Hoffman (1996) classified the north-eastern region
of the Nama-Karoo Biome as Eastern Mixed Nama-Karoo
(vegetation type 52). Du Preez and Bredenkamp (1991)
specifically classified the dry grasslands of the western plains
as Eragrostis obtusa–Eragrostis lehmanniana grassland.
The grassland section of the reserve occurs on the plains,
covered by the Ae land type (Land Type Survey staff 1992),
on the Rensburg, Hutton and Arcadia soil forms (FAO Unesco
1987). The whole study area is underlain by the Tierberg
Formation of the Ecca Group from the Karoo Supergroup
(Van Riet et al. 1997). The Ecca Group consists principally
of dark-grey shale together with interbedded sandstone units.
An extensive layer of sand, of aeolian origin, obscures the
Ecca Group over a part of the study area (Nolte 1995).
The grassland unit of the reserve resembles a mosaic
pattern consisting of patches of different sizes dominated
by either grasses (decreaser or increaser grasses), or by
karroid vegetation (mostly dwarf karroid shrubs). The term
‘karroid grassland’ is used to describe the patches dominated
by dwarf karroid shrubs along with Increaser II grasses.
These karroid areas are mostly characterised by the erosion
of the topsoil, leaving the clayey horizon exposed.
The following grazers and mixed feeders were present
in the reserve at the time of study: black wildebeest,
blesbok, Burchell’s zebra, eland, impala, oryx, red harte-
beest, springbok, waterbuck and white rhinoceros.
Methods
The Braun-Blanquet method (Mueller-Dombois and
Ellenberg 1974) was used for classification of the vege-
tation. The essential viewpoint of this method is that plant
communities are units of classification, based primarily on
species composition (Kent and Coker 1996). Sampling was
conducted in the spring and summer of 2000 and 2001.
One hundred and eighty plots in total were stratified
randomly in homogeneous areas of the grassland. Plot sizes
were fixed on 16m2, as done by Fuls et al. (1993) and
Malan et al. (1999) for the Free State. In each sample plot,
all species present were recorded and the cover abundance
of each species, according to the Braun-Blanquet scale,
was noted: r = <1% cover of the plot; + = 1%; 1 = 1–5%;
2a = 5–12%; 2b = 12–25%; 3 = 25–50%; 4 = 50–75%;
5 = 75–100% (Kent and Coker 1996).
The classification algorithm TWINSPAN (Hill 1979) was
applied to the floristic data set to give a first approximation
of the table. Further classification refinements involved
reshuffling of species and relevés aimed at optimisation of
the coincidence of groups of species with groups of relevés
in the phytosociological table. The MEGATAB program
(Hennekens 1996) was used to create a synoptic table from
the combined information of the grassland and karroid
grassland patches. A synoptic table consists of a summary
of the data for each species in a grouping, such as commu-
nities, subcommunities and associations, that appears in
the phytosociological table. Each grouping is represented
by a column in which the species it consists of are indicated
as a percentage or class value with 20% intervals: I = 20%
representation of the species in the original grouping; II = 40%;
III = 60%; IV = 80%; and V = 100% (Kent and Coker 1996).
The number of columns incorporated in the original grouping
in the phytosociological table are indicated in the synoptic
table.
Results
The following classification was made from the synoptic
table (Table 1):
1. Themeda triandra–Digitaria eriantha grassland community
1.1 Themeda triandra–Cymbopogon pospischilii subcommunity
1.2 Themeda triandra–Bidens pilosa subcommunity
2.Themeda triandra–Salsola glabrescens disturbed grass-
land community
3. Salsola glabrescens–Chloris virgata karroid grassland
community
3.1 Eragrostis trichophora–Salsola glabrescens subcommunity
3.2 Salsola glabrescens–Nidorella resedifolia subcommunity
The prominent species of the grassland unit, present in
the grassland and karroid grassland patches (Species Group
N, Table 1), include dwarf karroid shrubs, like Chrysocoma
ciliata, Pentzia incana, Pentzia globosa and  Rosenia humilis;
forbs, like Berkheya pinnatifida, Ledebouria luteola, Nidorella
resedifolia and Selago dinteri; and decreaser and Increaser
II grasses, like Aristida congesta, Eragrostis lehmanniana,
Eragrostis obtusa, Panicum coloratum, Sporobolus fimbria-
tus and Tragus koelerioides.
1. Themeda triandra–Digitaria eriantha grassland
community
Synrelevés 1–8 (Table 1) represent moderately grazed
grassland areas inside the larger grassland unit. Perennial
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Synrelevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Number of relevés included 3 6 7 9 7 8 7 7 7 8 5 7 5 11 10 4 7 2 8 6 10 11 12 7
Community 1 2 3
Subcommunity 1.1 1.2 3.1 3.2
Species Group A
Aristida canescens V . I . . . . . . . . . . . . . . . . . . . . .
Indigofera alternans II I . . I . . . . . . I . . . . . . . . . . . .
Elionurus muticus II . . . . . . . . . . . . . . . . . . . . . . .
Dicoma macrocephala II . . . . . . . . . . . . . . . . . . . . . . .
Fingerhuthia africana II . . . . I . . . . . . . . . . . . . . . . . .
Species Group B
Melolobium candicans . IV . I I . . . . . . . . . . . . . . . . . . .
Helichrysum herbaceum . III . . . . . . . . . . . . . . . . . . . . . .
Salvia verbenaca . II . l . . . . . . . . . . . . . . . . . . . .
Senna italica . I . . . . . . . . . . . . . . . . . . . . . .
Lycium cinereum . I . . . . . . . . . . . . . . . . . . . . . .
Species Group C
Agrostis lachnantha . . II . . . . . . . . I . . + . . . . . . . . .
Cynodon dactylon . . I . I . I I . . . . . . . . . . . . . . . .
Verbena bonariensis . . I . . . . . . . . . . . . . . . . . . . . .
Species Group D
Crabbea acaulis . . . II . I . . . . . . . . . . . . . . . . . .
Vahlia capensis . . . I . . . . . . . . . . . . . . . . . . . .
Species Group E
Asparagus suaveolens . . . . I . . . . . . . . . . . . . . . . . . .
Indigofera rhytidocarpa . . . . I . . . . . . . . . . . . . . . . . . .
Species Group F
Hermannia comosa . . . . . I . . . . . I . . . . . . . . . . . .
Eragrostis gummiflua . . . . . I I . . . . . . . + . . . . . . . . .
Setaria sphacelata . . I . . I . . . . . . . . . . . . . . . . . .
Laggera decurrens . . . . . I . . . . . . . . . . . . . . . . . .
Bulbine frutescens . . . . . I . . . . . . . . . . . . . . . . . .
Species Group G
Cymbopogon pospischilii V V II III II V . . . . . . . . . . . . . . . . . .
Eragrostis superba . . . II IV IV . . . . I . . . . . . . . . . . . .
Hertia pallens . III . IV . I . . . . . . . . . . I . . . . . . .
Heteropogon contortus . I I I III . . . . . . . . . . . . . . . . . . .
Digitaria argyrograpta . III . II . . . . I . II . . . . . . . . . . . . .
Hibiscus trionum . . I II . II . . I I . . . + . . . . . . . + . .
Eragrostis curvula . II I . . . . . . . . . . . . . . . I . . . . .
Enneapogon scoparius . I . . I . . . . . . I . . . . . . . . . . . .
Species Group H
Bidens pilosa . . . . . . I . . I . . . . . . . . . . . . . .
Solanum supinum . . . . . . I . . . . . . . . . . . . . . . . .
Talinum caffrum . . . . . . I . . . . I . . + . . . . . . . . .
Papaver aculeatum . . . . . . I . . . . . . . . . . . . . . . . .
Taraxacum officinale . . . . . . I . . . . . . . . . . . . . . . . .
Species Group I
Teucrium trifidum . . . . . . . I . . . . . . . . . . . . . . . .
Tephrosia capensis . . . . . . . I . . . . . . . . . . . . . . . .
Species Group J
Aristida bipartita . . . . . . . . . . . . I . . . . . . . . . . .
Lactuca inermis . . . . . . . . . . . . I . . . . . . . . . . .
Hermannia coccocarpa . . . . . . . . . . . . I . . . . . . . . . . .
Species Group K
Themeda triandra V V V V V V V IV V V V V IV III + II . . . . . I . .
Digitaria eriantha . II V II IV V . V . . . . . IV III . . . . . . . . .
Commelina africana . . III III III IV I II III II II . . . II III . . . . . . + .
Monsonia angustifolia . . . II . II . I . I . II I + + II II . . . . . . .
Nenax microphylla II III II II III II I I . I . . . . . . . . . . . . . .
Oxalis depressa . . I I III I I I . . . I . + I . . . . . . . . .
Hibiscus pusillus II I I III . . . . III I II . . . . . . . . . + . . .
Pogonarthria squarrosa . . . . II . . . . . . . . + + . . . . . . . . .
Helichrysum zeyheri . . . I . . . . . . . . I . + . . . . . . . . .
Table 1: Synoptic table of the grassland vegetation of Soetdoring Nature Reserve
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Table 1: (cont.)
Synrelevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Number of relevés included 3 6 7 9 7 8 7 7 7 8 5 7 5 11 10 4 7 2 8 6 10 11 12 7
Community 1 2 3
Subcommunity 1.1 1.2 3.1 3.2
Commicarpus pentandrus . . I . . . . I . I . I . + . . . . . . . . . .
Barleria macrostegia II . . I . . . I . . . . . . . . . . . . . . . .
Geigeria filifolia . . I I . . . . I . . . II . . . . . . . . . . .
Gnidia polycephala . I . I . . . . . . . . . . . . . . . . . . . .
Pseudognaphalium
oligandrum . . I . . . I . . I . . . . . . . . . . . . . .
Haemanthus montanus . . . . I . . . I . I . . . . . . . . . . . . .
Species Group L
Eragrostis trichophora . . . I . . . . . . . . . IV V V . . . . + . . .
Hypertelis salsoloides . . . . I . . . . . . . . . III . II . . . . . . .
Trichodiadema barbatum . . . . . . . . . . . . . . II II I . . . . + + .
Chortolirion angolense . . . . . . . . . . . . . . . II . . . . . . . .
Salsola kali . . . . . . . . . . . . . I + . . . . . . . . I
Triraphis andropogonoides . . . . . . . . . . . . . . + . . . . . . . . .
Ruschia hamata . . . . . . . . . . . . . . + . . . . . . . . .
Species Group M
Salsola glabrescens . . I . II . . . III III II IV IV I + V IV V V IV IV V V III
Felicia muricata . . . . . . . . II I III II I + II III II . . . V V V I
Chloris virgata . . II . I . . . . I I III II V II . IV . . V IV . IV I
Aristida adscensionis . . . . . . . . I . II II II II II . II . I IV II III III .
Mestoklema arboriforme . . . . . . . . . I I I I . I II . V II . + II II I
Conyza podocephala . . I III . . . . I I . I I I . . III . IV III . I . II
Sporobolus ludwigii . . . . . . . . . . . . II II II . . . . . V V . I
Asparagus glaucus . . . I . . . . I I . I I . II . . . II I . I . .
Felicia fascicularis . . . . . . . . . . . II I + . . . . . II . . . I
Koeleria capensis . . . . . . . . . . . I . + . . I . . I . . . .
Blepharis integrifolia . . . II . . . . . . II . . . . . I III . . + + . .
Cynodon transvaalensis . . . . . . . . . . . . . . . . . I II II . . . .
Felicia filifolia . . . . . . . . . . I . . . . . . . . . + . . .
Ipomoea oenotheroides . . . . . . . . I . . . . . . . . . . . . . . .
Phyllanthus parvulus . . . . . . . . . I . . . . . . . . . . . . . .
Species Group N
Nidorella resedifolia II IV V I III II III III III V . III III V IV II III III V IV IV IV III IV
Panicum coloratum II I II III II II III III I III II II II III I II I III IV III . I + III
Eragrostis obtusa II . I II I . III II III II IV III IV II II II III V IV I III II IV III
Ledebouria luteola . II . II I II II II IV III IV II III II I II II . . I + III II II
Berkheya pinnatifida . III I II III IV III III III III I II I I + II I . III I I I + III
Tragus koelerioides II I I IV . I I I III . IV I . . II . II . II I II II II .
Rosenia humilis . . I IV . . I . III III II III V I + IV II . III I II V III V
Cyperus rupestris . . . II I . . II III I I . I + II II . III II . II IV III III
Lycium horridum . . II III I . . . . I II I . + II IV III . III II I + II .
Pentzia globosa II II II II II I I I . V . V II . . . III . V I II II + I
Aristida congesta IV . I IV II II II . . . IV I I II + . III V II . I I II .
Brachiaria eruciformis II . . I . . III I . . . III IV II . . . . II I + II I III
Eragrostis chloromelas . . I . . I II II I . . . V . . . . . I . . III I II
Chrysocoma ciliata . I . II I . II I I I . I I I + . I . . II . . + I
Selago dinteri . I I III III . II . . II I . I + II . II . I IV . . . .
Eragrostis lehmanniana . . . II V IV . . I . II II II II . . V . . . . + + .
Sporobolus fimbriatus . II V . . V . . . . I . I . + . . III . . . . + .
Pentzia incana . . . . I . . I I I I I II + . . . . . . . + . .
Schkuhria pinnata . . I II III I . III I II . I . I II . I . . I . + . .
Aptosimum indivisum . . . I . I . . . . I . I + . . . . I . + . . .
Thesium hystrix . . . I I . I . . . . I II . . . . . . I . . . .
Limeum aethiopicum . . . . I . . . . . . . . + + . . . . . I . . .
Ruschia spinosa . . . I . . . . . . . . . . + . . . . . + . + .
Eriospermum cooperi . . I . . . . . . . . I . + . . . . . . . . . I
Pterodiscus speciosus . I . . . . I . I I I . . + . III . . . . . . . I
Urochloa panicoides . . III . . . I I . . . . . + . . . . . I . + . .
Chenopodium album . . II . III . . . . . I . . + . . I . . . . . + .
Tribulus terrestris . I . . . . . . . . I I . . . . . . . . . . . I
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grasses dominate these areas, with forbs and some dwarf
karroid shrubs also present. Species Group K is characteristic
of this more pristine grassland, of which the palatable,
decreaser grasses Themeda triandra and Digitaria eriantha
(Table 2) are the dominant species. Some of the species
found commonly in these grassland patches are: Commelina
africana, Nenax microphylla, Oxalis depressa, Hibiscus
pusillus (Species Group K), Nidorella resedifolia, Panicum
coloratum, Eragrostis obtusa, Ledebouria luteola, Berkheya
pinnatifida, Tragus koelerioides, Pentzia globosa, Aristida
congesta, Selago dinteri, Eragrostis lehmanniana, Sporobolus
fimbriatus and Schkuhria pinnata (Species Group N). 
1.1 Themeda triandra-Cymbopogon pospischilii subcommunity
In certain patches of the grassland, Cymbopogon pospischilii
(previously C. plurinodis — Species Group G) becomes
dominant, together with Themeda triandra and Digitaria
eriantha (Species Group K). Species Groups A–F contain
species that were scarcer in the grassland unit but also made
certain small associations. The most prominent smaller
associations are dominated by Aristida canescens (Species
Group A) and Melolobium candicans (Species Group B),
respectively. Both of these smaller associations are also
strongly associated with Cymbopogon pospischilii (Species
Group G) and Themeda triandra (Species Group K). The
species from synrelevé 3, such as Verbena bonariensis,
Cynodon dactylon and Agrostis lachnantha (Species Group
C), were found in an area where water collects after rain.
1.2 Themeda triandra–Bidens pilosa subcommunity
This subcommunity is represented by synrelevés 7 and 8
and consists of two small associations. The following
species occur in both associations: Themeda triandra, the
dominant species (Species Group K), as well as Cynodon
dactylon (Species Group C), Commelina africana, Nenax
microphylla, Oxalis depressa (Species Group K) and some
of the species from Species Group N. The first small
association in the community is characterised by the
following species: Bidens pilosa, Solanum supinum, Talinum
caffrum, Papaver aculeatum and Taraxacum officinale
(Species Group H). Eragrostis gummiflua (Species Group F)
and Pseudognaphalium oligandrum (Species Group K) are
also present in this association. The presence of weeds
and other species that prefer disturbed areas is a clear
indication that the area is disturbed. The diagnostic species
of the second small association in the community are
Teucrium trifidum and Tephrosia capensis (Species Group I).
The only other species in this association are present in
Species Groups C, K and N. This latter association is
located in a rocky area inside the grassland.
2. Themeda triandra–Salsola glabrescens disturbed
grassland community
A transitional community (presented by synrelevés 9–13 in
the synoptic table) between the moderately grazed grassland
areas (1) and the karroid grassland areas (3), where grasses
as well as dwarf karroid shrubs are dominant, occurs in the
study area. Consequently, this community can be described
as consisting of disturbed, overgrazed patches in the grass-
land. Digitaria eriantha (Species Group K) is absent, probably
through grazing selection by herbivores. 
3. Salsola glabrescens–Chloris virgata karroid grassland
community
Synrelevés 14–24 indicate disturbance in the grassland,
which might have occurred through overgrazing. Dwarf
karroid shrubs dominate in large areas, with little or no climax
grass species present. These areas are dispersed throughout
the grassland unit and alternate with patches dominated by
grass, to create a type of mosaic pattern in the grassland.
3.1 Eragrostis trichophora–Salsola glabrescens subcommunity
Species Group L characterises this subcommunity (synrelevés
14–17). Eragrostis trichophora (Species Group L) dominates
the vegetation, along with Salsola glabrescens (Species Group
M). Chloris virgata (Species Group M) is also prominent. Other
species, more prominent in this subcommunity than else-
where, are Hypertelis salsoloides, Trichodiadema barbatum,
Chortolirion angolense and Salsola kali (Species Group L).
The dominance of Eragrostis trichophora creates white-
coloured islands that can easily be distinguished inside the
larger disturbed karroid grassland areas.
Decreaser Increaser I Increaser II Increaser III
Digitaria argyrograpta Cymbopogon pospischilii* Agrostis lachnantha Eragrostis gummiflua Cymbopogon pospischilii*
Digitaria eriantha Triraphis andropogonoides Aristida adscensionis Eragrostis lehmanniana Elionurus muticus
Fingerhuthia africana Aristida bipartita Eragrostis obtusa Enneapogon scoparius
Panicum coloratum Aristida canescens Eragrostis superba
Setaria sphacelata Aristida congesta Eragrostis trichophora
Sporobolus fimbriatus Brachiaria eruciformis Heteropogon contortus
Themeda triandra Chloris virgata Koeleria capensis
Cynodon dactylon Pogonarthria squarrosa
Cynodon transvaalensis Sporobolus ludwigii
Eragrostis chloromelas Tragus koelerioides
Eragrostis curvula Urochloa panicoides
*Cymbopogon pospischilii is regarded as Increaser I or III, depending on the circumstances in the veld
Table 2: List of decreaser and increaser grasses (Van Oudtshoorn 1999) present in the grassland of Soetdoring Nature Reserve, 
following Table 1 
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3.2 Salsola glabrescens–Nidorella resedifolia subcommunity
This subcommunity represents the most degraded areas of
the reserve. Most of the palatable, climax grasses have been
removed, while dwarf karroid shrubs, herbs, unpalatable
grasses and Increaser II grasses dominate. The dominant
species are Salsola glabrescens, Felicia muricata, Chloris
virgata, Aristida adscensionis and Eragrostis obtusa (Table
2), as well as Mestoklema arboriforme, Nidorella resedifolia
and Panicum coloratum (Species Groups M and N).
Discussion
The grassland unit incorporates climax grasses (a species
that is self-perpetuating in the absence of disturbance, with
no evidence of replacement by other plant species — Tainton
1999a), pioneer grasses (capable of invading bare or
disturbed sites and persisting there until replaced by other
plants, mostly subclimax species — Tainton 1999a), dwarf
karroid shrubs, forbs and bulbous plants. In certain areas of
the mosaic pattern in the grassland, climax species dominate
(Community 1), while in others dwarf karroid shrubs domi-
nate, with pioneer grasses or subclimax grasses also present
(Communities 2 and 3). Inside the larger areas of the mosaic
pattern are also smaller patches or islands where different
species dominate than in the surrounding area, for example
Species Groups A, B, G and L (Table 1).
Although dwarf karroid shrubs are considered to be a
normal component of grasslands in this area, they are not
supposed to dominate the vegetation of the Grassland
Biome (Le Roux et al. 1994). The dominant dwarf karroid
shrubs present in this grassland (Table 1) are: Salsola
glabrescens, Felicia muricata (Species Group M), Rosenia
humilis, Lycium horridum, Pentzia globosa, P. incana and
Chrysocoma ciliata (Species Group N). Other dwarf karroid
shrubs that occur in the grassland are Melolobium candi-
cans, Lycium cinereum (Species Group B), Nenax micro-
phylla (Species Group K), Salsola kali (Species Group L),
Felicia fascicularis, F. filifolia (Species Group M) and
Thesium hystrix (Species Group N), among others.
Prominent grass species encountered throughout the
grassland unit (Table 1) are: Cymbopogon pospischilii
(Species Group G), Themeda triandra, Digitaria eriantha
(Species Group K), Chloris virgata, Aristida adscensionis
(Species Group M), Panicum coloratum, Eragrostis obtusa,
Tragus koelerioides, Aristida congesta and Eragrostis
lehmanniana (Species Group N). The decreaser species
listed in Table 2, along with the Increaser I and III species,
are regarded as climax vegetation, while the Increaser II
species represent pioneer and subclimax vegetation, except
for Koeleria capensis being a climax grass (Van Oudtshoorn
1999). The species composition of the whole grassland was
found to comprise: 12.3% climax grass species of mode-
rately grazed areas, 18.9% grass species associated with
disturbed areas, 20.8% dwarf karroid shrubs, and 48%
forbs, bulbous plants and succulents.
Thirty-three grass species were listed for Soetdoring Nature
Reserve’s grassland, of which 20 (Table 2: Increaser II
grasses) are usually associated with disturbed, bare or
trampled areas (Van Oudtshoorn 1999). This equals 60.6%
of the total amount of grass species composition in the
grassland. The karoo encroacher species Chrysocoma ciliata,
Felicia filifolia and Pentzia globosa indicate the presence of
a karoo element in the reserve (Le Roux et al. 1994).
There are no significant habitat differences inside
Soetdoring Nature Reserve — the macro-climate is constant
and the grassland occurs on the same type of sandy topsoil
of aeolian origin, covering the clayey horizon underneath.
The differences in species composition could then only be
ascribed to the animals’ feeding preferences and to different
concentrations of game in certain areas. Causes for this
mosaic pattern in the grassland then seem to be mostly
overgrazing and trampling with the consequent erosion of
the topsoil, which leaves the clayey horizon exposed. Dwarf
karroid shrubs seem to survive in the clayey horizon, while
the grasses were only found in areas where the sandy layer
of topsoil was present at different depths.
The high number and dominance of pioneer and subclimax
grasses, as well as dwarf karroid shrubs in the grassland,
are signs of disturbance. The presence of pioneer species
may, however, also indicate retrogression or that secondary
succession is taking place. Secondary succession occurs
wherever a plant community has been disturbed, but where
at least some residual effect due to biotic reaction of previous
plants remains. Pioneers are able to inhabit the disturbed
environment — thereby starting the process of rehabilitation
through succession (Tainton and Hardy 1999) — but only if
the disturbing factors are removed will succession succeed
in the restoration of the area over time.
According to Milton and Hoffman (1994), directional or
range succession models envisage that in the absence of
grazing, vegetation develops to a single, persistent state or
climax. The directional model, although popular among South
African range scientists and managers (Tainton and Hardy
1999), does not explain why many grazing-induced changes
cannot be reversed by resting, and how unpalatable
perennials can replace palatable perennials.
Stochastic models, including state-and-transition models
(Westoby et al. 1989), proposed that unpredictable climatic
or disturbance factors could change vegetation from one state
(in terms of structure and species composition) to another.
New states cannot always be reversed by succession, either
because new dominants inhibit rather than facilitate
establishment of the original species assemblage, or because
physical conditions have changed (Milton and Hoffman 1994).
Milton and Hoffman (1994) suggested in their state-and-
transition model that grazing and rainfall may be major
transition factors in eastern grassy Karoo rangelands,
bringing about subtle shifts in growth form dominants over
years and decades. Bousman and Scott (1994), Archer
(1996) and Tainton (1999b) agree with these results. Under
favourable growing conditions for C4 grasses, competition
from grasses may influence mortality of adult and seedling
shrubs. It is further suggested that average winter rainfall
seasons with summer drought, at recommended stocking
rates, could disadvantage C4 grasses and return the veld
to a less grassy state.
Certain areas in the mosaic pattern of Soetdoring Nature
Reserve’s grassland would fall into State II (Figure 1) in
the state-and-transition model, where perennial grasses are
dominant in a matrix of palatable and unpalatable shrubs.
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Ephemerals and short-lived grasses are present but
confined to local disturbance sites (Milton and Hoffman
1994). The Themeda triandra–Digitaria eriantha community,
synrelevés 1–8 (Table 1), reflects this situation.
Above-average winter rain and extended summer drought,
combined with grazing, can change a grassland dominated
by perennial grasses to a less grassy state. In State III of
the state-and-transition model (Figure 1), palatable and
unpalatable shrubs predominate. Perennial grasses are
present but confined to protected microsites (Milton and
Hoffman 1994). The Salsola glabrescens–Chloris virgata
community, synrelevés 14–24 (Table 1), reflect this state in
Soetdoring Nature Reserve. In the Themeda triandra–
Salsola glabrescens community (synrelevés 9–13, Table 1),
perennial grasses like Themeda triandra, Panicum coloratum
and Eragrostis spp. occur, along with the dominant dwarf
karroid shrubs. This community represents a transition area
and would fall into State I, between States II and III (Figure
1) in the state-and-transition model. State I is described as
having a co-dominance of shrubs, perennial and short-lived
grasses (Milton and Hoffman 1994).
According to Milton and Hoffman (1994), where a co-
dominance of perennial grasses and shrubs occur, the
vegetation can be transformed by continuous selective
grazing to a state (IV) where unpalatable shrubs dominate
and perennial grasses are rare (Figure 1). Heavy continuous
selective grazing above recommended stocking rates,
particularly when exacerbated by extended drought
conditions, can change unpalatable shrub communities to
land that is denuded of vegetation except in years when
ephemerals are abundant. Trampling, soil loss and altered
soil conditions (e.g. increased salinity) prevent recruitment
of perennial plants. Return of this latter state (V) to some
form of indigenous vegetation would be extremely slow
unless there was some management intervention such as
soil reclamation and seeding (Milton and Hoffman 1994).
In some areas of Soetdoring Nature Reserve, the grassland
has been disturbed in such a way that the topsoil has been
mostly eroded away and the veld is characterised by bare
soil dotted with dwarf karroid shrubs, annual grasses and
very few perennial decreaser grasses. Decreaser grasses
are abundant in good veld but decrease when overgrazed
(Tainton 1999a). Synrelevés 20 and 21 (Table 1) represent
these areas. Although the dwarf karroid shrubs present are
mostly palatable (Le Roux et al. 1994), they can be replaced,
through overgrazing, with unpalatable shrubs. This would
then represent State V of the state-and-transition model.
These overgrazed areas are mostly present in the
territories of the short-grass grazers, like black wildebeest,
blesbok and springbok. These species focus their grazing
on specific patches, and habitat they occupy becomes a
mosaic of grazed and ungrazed patches (Palmer et al.
1999). The males occupy small territories, and localised
concentrations of soil nutrients in such territories are likely
to play an important role in attracting females to graze there
(McNaughton 1988). The territorial males tend to defecate
at specific localities, so creating conspicuous dung patches.
These patches are normally surrounded by lawns of
creeping grass (Cynodon spp.), as is also the case in
Soetdoring Nature Reserve (Species Group M, Table 1),
which is specifically associated with fertilised soils. These
dung patches have been interpreted as olfactory and visual
territorial markers. It is not improbable, according to Palmer
et al. (1999), that the adaptive value of this behaviour is
to assist with the cultivation of nutrient-rich grazing lawns.
The patch-selective grazing habit of the short-grass
grazers has the effect of creating the habitat conditions they
require — grazing lawns of short grass. Decreaser grasses
(Table 2), being poorly adapted to frequent, heavy
defoliation, do not persist in grazing lawns. Short-grass
grazers effectively promote Increaser II grasses (grasses
that dominate in poor veld and increase with overstocking
Figure 1: State-and-transition model for the grassy eastern Karoo, after Milton and Hoffman (1994). States and transitions are described
in more detail in the text
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— Tainton 1999a), and communities dominated by increaser
grasses, in turn, appear to offer a sward structure that suits
the foraging requirements of the short-grass grazers
(Novellie 1990). Species Groups M and N (Table 1) reflect
the high concentration of increaser grasses in synrelevés
20 and 21, as well as the near absence of decreaser
grasses. The diet of black wildebeest consists of a few
decreasers (climax grasses) like Themeda triandra and
Panicum coloratum, but mostly increasers (pioneer grasses
and subclimax grasses) and dwarf karroid shrubs (Van
Hooven and Boomker 1981, Vrahimis 1991).
There is a widespread tendency on the part of managers
to view short-grass grazers as being damaging to the veld,
and to recommend strict culling as a means of preventing
patch-selective grazing (Novellie 1990). According to
Novellie (1990), this prejudice against the short-grass
grazers appears to stem largely from the unfounded
assumption that veld dominated by decreaser species is
universally ‘superior’ to veld dominated by increasers.
Tall grasses tend to predominate in situations where
defoliation is moderate. Their height gives them an advan-
tage over shorter species in competition for light. Where
defoliation is severe, short grasses, and in particular those
with a prostrate growth form, are favoured over taller
species (Coughenour et al. 1985). Thus, as a broad general-
isation, decreaser grasses may be expected to be tall, while
many of those species that are promoted by grazing
(Increaser II species) are short (Novellie 1990). The creation
of tall- and short-grass areas is important, as the height
distribution of the sward is evidently one of the main factors
determining niche separation among African grazers (Owen-
Smith 1985, Estes 1997).
Thus, patch-selecting is an important agent of plant
community diversity (McNaughton 1983). For conservation
areas where the objective is to maintain a variety of wild
ungulate species, it would be appropriate to encourage a
wide range of plant communities differing in height structure
and species composition (Novellie 1990). One way of
achieving this, according to Novellie (1990), is to allow
short-grass grazers to establish grazing lawns. For such
conservation areas, a policy of maintaining the overall
dominance of decreaser rather than increaser species would
be of doubtful value. However, Novellie (1990) stressed an
important question that needs to be resolved, namely
whether the heavily grazed lawns can be maintained in a
productive condition under continuous grazing, or whether
they will eventually be reduced to a state, either through
soil loss or invasion of unpalatable species, where they will
no longer provide adequate grazing.
In the grassland of Soetdoring Nature Reserve, the
dominance of dwarf karroid shrubs in short-grass grazer
territories, the near-absence of decreaser grasses and the
loss of topsoil are viewed as management problems.
Management attempted to burn the veld adjacent to the
territorial network of the black wildebeest, blesbok and
springbok in order to lure them away and afford the grazing
territories an opportunity to rest, but to no avail. According
to Grossman et al. (1999), controlled burning may be used
to promote a more even distribution of grazing pressure,
but enforced rotation of game runs counter to the philosophy
of matching the animal to the environment. It is more
prudent to limit the number of animals to the availability of
preferred habitat, and increase the spectrum of species
stocked, i.e. rather stock less wildebeest than try to entice
them to nutrient-poor areas, and instead stock these areas
with long- and medium-grass grazers (Grossman et al.
1999), like hartebeest and zebra (Novellie 1990).
If degraded rangeland needs to be restored after
overgrazing, seeding combined with clearing of unpalatable
plants may potentially increase forage plants (Hatch 1999).
Methods used to reduce the bush:grass ratio in semi-arid
areas include browsing, burning, poisoning and mechanical
clearing (Milton and Hoffman 1994). Few dwarf karroid
shrub species maintain persistent soil seedbanks.
Population renewal therefore depends on the availability of
fresh seed when conditions are suitable for germination and
recruitment (Milton et al. 1999). Eroded or badly degraded
areas should be fenced off separately and afforded special
treatment (Hatch 1999).
Conclusions
The mosaic pattern in the grassland of Soetdoring Nature
Reserve consists of areas dominated by either decreaser
grass species or dwarf karroid shrub species, along with a
high presence of increaser grasses. Decreaser grass-
dominated areas indicate that the complete grassland unit
is not overgrazed, only patches of it. A large number of grass
species present in the reserve fall into the Increaser II group
(Table 2), indicating overstocking of certain areas where game
concentrate. Increaser I species increase with understocking
or selective grazing (Tainton 1999a), while Increaser III
species are unpalatable, dense climax grasses that increase
with overgrazing (Van Oudtshoorn 1999). Only two and three
species, respectively, of the Increaser I and III groups are
represented in the reserve. Cymbopogon pospischilii is
regarded as a normal component of grasslands in this area
(Tainton 1999b), and the other three species are rare in the
grassland unit. This may also indicate that no understocking
occurs in the reserve. The Increaser III species would rather
further emphasise the overgrazing of the reserve.
When short-grass grazers are present in a conservation
area, it will definitely be characterised by grazing patches
dominated by increasers and dwarf karroid shrubs.
However, care must be taken that the short-grass grazers
do not become an easy excuse for degradation of the veld;
other grazers can also be responsible for overgrazing,
especially when the carrying capacity is exceeded. The
climate, as well, can stimulate shifts between grassland and
karoo vegetation communities. This is because karroid
shrubs can take greater advantage of rainfall at any time,
while most grasses must receive moisture in the spring and
summer growing seasons (Bousman and Scott 1994).
According to Bond et al. (1994), the eastern Karoo region
seems to have been a broad transition zone of shrub-grass
mixtures, and not a true grassland. This would explain why
the first state in the state-and-transition model for the grassy
eastern Karoo is described as a co-dominance of shrubs,
perennial and short-lived grasses (Milton and Hoffman 1994).
Since the reserve falls in this transition zone, care must be
taken that the vegetation does not change to karoo
vegetation, with a loss of perennial grasses. 
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Areas in Soetdoring Nature Reserve’s grassland fall into
State II (perennial grasses that dominate in a matrix of
shrubs) and State III (shrubs dominate, with perennial
grasses in protected sites) of the state-and-transition model.
If the areas representing State II are used as benchmark
sites (representative areas of veld that is in optimum
condition for sustained livestock production — Tainton
1999a), then the areas representing State III seem to be
degraded. The reserve falls on the border between the
Grassland Biome and the Nama-Karoo Biome (Low and
Rebelo 1996). The mosaic pattern that occurs in the
grassland, however, with localised patches of dwarf karroid
shrub dominance, rather indicates disturbance or degradation
of a decreaser-dominated grassland than invasion of the
Nama-Karoo Biome or climatic influences alone. In the most
recent classification of vegetation, the area in which
Soetdoring Nature Reserve falls is reclassified as
Bloemfontein Dry Grassland (Mucina and Rutherford 2004),
instead of dividing it into two units by separating the karroid
shrubland and grassland.
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